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Aluminum alloy, as one of the foundational materials for the development of 
manufacturing, plays an important role in many pillar industries, such as aerospace, 
high-speed railway, construction, shipbuilding, and automotive industry. Residual 
stress is often regarded as a significant factor causing damages in aluminum alloy 
structures. Effective evaluation of stress state, especially the critical stress state 
causing damage, is important for evaluating structural strength and reliability. 
Traditional nondestructive testing techniques have been widely used in industry, most 
of which are confined to the test of already-existing defects, and are difficult to 
evaluate implicit and irregular stress state which can cause damages. 
At present, the methods of residual stress testing mainly include hole-drilling, 
X-ray, ultrasonic and magnetic methods. All the methods have many limitations. So it 
is necessary to develop a new, convenient, and reliable residual stress testing method 
for non-ferromagnetic materials. The piezoresistive effect of material makes it 
possible to evaluate residual stress state with eddy current method. Such studies began 
in the recent years and are still very limited. Based on this situation, the thesis 
attempts to make contribution in this area with the help of electromagnetic theories, 
finite element numerical simulation, and basic mechanic experiment, to solve some 
key issues. 
The thesis studies the relationship between eddy current response and stress state 
through basic experiment and numerical simulation, laying the foundation of rapid 
inversion of real stress state. First of all, a three-dimensional finite element model of 
eddy current testing is established, and the relationship between eddy current response 
and relative variation of unidirectional conductivity is acquired. Then, relationship 
between eddy current response and unidirectional stress or strain is obtained by tensile 
testing experiment. Combining the results of simulation and experiment, the 
relationship between relative variation of conductivity and strain is acquired. Finally, 
with conductivity tensor under different stress state derived from the above 
relationship, a surface of eddy current response vs. stress state is established by 
simulations using infinite plate model.  
















out the inadaptability of the simplified conductivity tensor under complex stress state, 
and makes new derivation on the tensor. Moreover, the thesis studies the direction of 
principal stress in uniform stress states by establishing ANSYS model for the 
simulation of stress testing and eddy current testing, acquiring stress state, building 
conductivity tensor, and calculating and analyzing eddy current responses of a 
rectangular coil at different rotating angles. After that, preliminary judgment of stress 
state (tensile or compressed) is made and qualitative identification of stress magnitude 
is also reached. 
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